D
iscussions of genetic determinism, the idea that genes alone determine human traits and behaviours, have been around for a long time. So much so, that some have suggested that arguing against genetic determinism is like battling the undead: no matter how many times you stab them, they keep coming at you. 1 This is the case despite practically every geneticist alive having disavowed genetic determinism. Psychologist Susan Oyama has argued that genetic determinism is inherent in the way we represent what genes do. Genes are given a privileged causal status. They are thought to cause development in a way fundamentally different from all the other material factors known to be involved. Equal recognition is not being given for equal work. Thus today's ''interactionist'' talk, far from debunking genetic determinism, simply reinforces it, because genes are still represented as containing information about how the organism will develop. Hence some have suggested that finding a new way to think about genes is a necessary prerequisite to putting a ''stake in the heart'' of the nature/ nurture controversy. 2 3 Just as those who work in the field of genetics might inadvertently be promoting the ideology of genetic determinism, bioethicists working on the ethical, legal, and social implications of genetic technologies might be doing the same. In part they might do so by assuming the correctness of the framework used to represent what genes do. The purpose of this paper, however, is to argue that bioethicists might be promoting genetic determinism by other, albeit related, means. They might do so because quite often the cases they use to support particular ethical claims suggest that the genes play a more central role in human development, disease, and behaviour, than they might actually do. For instance, the flood of arguments against human cloning on grounds of a possible loss of a sense of individuality or unique identity promote the incorrect belief that our genes determine human individuality or identity. [4] [5] [6] [7] Similarly, many of the debates about the rightness or wrongness of genetic enhancement, 8 9 erroneously suggest that tinkering with the human genome is sufficient to ''enhance'' our memory, intelligence, disease resistance, or beauty. In other cases, bioethicists present genetic tests as being more predictive of human diseases than what is actually reasonable.
Although there are a variety of instances where bioethicists' discussions of genetic technologies might promote genetic determinism, I will focus here on just one of them: the case of genetic testing and the presumed moral obligations that follow from our newly found ability to obtain genetic knowledge about ourselves and others. 10 Here, this promotion of genetic determinism results from the use of clinical cases to support particular moral duties. Although on these occasions the predictive power of genetic testing is presented in a more or less correct way, the clinical cases are offered as if they were representative of the kind of information we can acquire about human disease through genetic testing when, actually, they are not. Moreover, genetic determinism might be promoted because the clinical cases are presented in simplistic ways. This simplification, however, portrays genetic testing as yielding information more accurate than it actually is. Thus, again, genetic information is presented in a way that erroneously indicates that genes are the primary factors in the development of human diseases.
I use the debate on genetic information and the moral obligations that presumably result from them for two main reasons. First, these debates have received wide attention in the bioethics literature. Second, because unlike-for example, human cloning or enhancement-genetic testing is an actual and increasingly common medical technology. Thus, discussions related to them are more salient for our present circumstances.
Promoting genetic determinism is problematic for several reasons. First, there is no empirical foundation for the belief that genes alone determine most human traits and behaviours. This is not to say that genes play no role at all, nor to reject the claim that sometimes genes might provide the best explanation for the genesis of a trait. To reject genetic determinism is simply to reject the idea that genes alone play a role in the development of human traits and behaviours. Second, promoting genetic determinism is problematic because it can contribute to public policies that emphasise genetic interventions rather than preventive measures, lifestyle modifications, or transformations of social structures. If, however, factors other than our genes influence the development of-for example, human diseases-then focusing on genetic interventions alone will be inefficient. Third, the belief that genes determine us might result in people seeing information about their genetic make up as fate. Thus, although lifestyle changes could improve people's wellbeing, the motivation to do so might be lacking.
Note that my point here is not to argue that bioethicists or scientists do believe genetic determinism to be correct. On the contrary most have been very concerned with trying to show that genetic determinism is not just false, but also dangerous. My point is to call attention to common practices that might keep throwing fuel onto the fire of the nature/nurture debate. Intellectual honesty and care for the human community require that we pay careful attention to this issue.
UNREPRESENTATIVE CASES
A number of authors have used Huntington's disease and Tay Sachs to illustrate the kinds of distinct issues involved in ethical decisions that result from our ability to obtain genetic information about our children and ourselves. [10] [11] [12] [13] [14] [15] Thus, these authors have maintained that under certain circumstancesfor example, those present when we are at risk of suffering or transmitting to our offspring diseases such as Huntington's and Tay Sachs-we have a duty to know about those hereditary disorders, an obligation to inform those members of our family that might also be at risk of carrying those harmful genetic mutations, and a duty to try not to bring affected babies into this world. Of course, Huntington's disease and Tay Sachs are not the only serious genetic diseases about which we can acquire knowledge through genetic analysis. These diseases are, however, seen as particularly useful in supporting moral duties to use genetic information for reproductive purposes and in supporting moral obligations to obtain and disclose such information. This is so because the predictive value provided by genetic testing for Huntington's disease and Tay Sachs is quite high. Hence, these important ethical issues hinge on our ability to obtain accurate genetic knowledge about others and ourselves.
Huntington's disease is due to a mutation in a gene that is transmitted as an autosomal dominant trait. [16] [17] [18] [19] [20] [21] Each child of a parent who is carrying a mutated allele for Huntington's disease has a 50% risk of inheriting the gene. The child needs only one copy of the gene from either parent to develop the disease. A person who inherits the Huntington's disease gene, and survives long enough, will sooner or later develop the disease. If the child does not inherit the defective gene, it is unlikely that the child will either get the disease or pass it on to subsequent generations. In most cases, the Huntington's disease gene is thought to have 100% penetrance. 22 23 Tay Sachs has a different mode of inheritance. [24] [25] [26] [27] This disease is inherited in an autosomal recessive pattern, which means two copies of the gene must be altered for a person to be affected by the disorder. Most often, the parents of a child with an autosomal recessive disorder are not affected, but are carriers of one copy of the altered gene. They have a 50% chance of passing on the mutated gene to their children. A child who inherits one inactive gene is a Tay Sachs carrier like the parent. If both parents are carriers and their child inherits the mutated gene from each of them, the child will have Tay Sachs disease. When both parents are carriers, each child has a 25% chance of having Tay Sachs disease and a 50% chance of being a carrier.
Because Tay Sachs disease is very rare in the general population, [28] [29] [30] authors using Tay Sachs as their clinical case to support claims about particular moral obligations tend to present the case in the context of communities that have a significant number of Tay Sachs carriers. That is the case for the Ashkenazi Jewish population (Jews of Central or Eastern European descent), in which the disease incidence is one in every 3500 newborns: approximately 100 times higher than in the general population. Among Ashkenazi Jews, one in every 29 individuals is heterozygous, and thus asymptomatic, for Tay Sachs disease causing mutations. The current tests detect about 95% of carriers of Ashkenazi Jewish background. Thus, the predictive power of the test for Ashkenazi Jews is quite high.
The problem with these cases, and the reason why bioethicists using them might inadvertently promote genetic determinism, is that they are unrepresentative of the kind of information that we can, and presumably will be able to, obtain for the majority of diseases with a genetic component that might affect most human beings. [31] [32] [33] Diseases such as cancer, heart problems, diabetes, and mental disorders are much more difficult to predict accurately than are rare Mendelian diseases such as Huntington's or Tay Sachs-that is, diseases that are caused by a single mutated gene. This is so, because alleles conferring susceptibility or resistance to complex or multifactorial diseases lack the deterministic nature of single gene mutations. Alleles contributing to complex diseases might be neither necessary nor sufficient to cause the particular disease. In many cases, more than two loci might contribute to the disease, and those loci might interact with each other. Depending on their roles in the pathogenesis of diseases, these interactions might be additive, multiplicative, or might have no additional effect. Also, the effects of interaction of a susceptibility allele with a protective allele might be especially difficult to predict with any accuracy. Moreover, the expression of most human diseases involves the relations of multiple genetic and environmental factors. Furthermore, cases of incomplete penetrance and variable expressivity introduce difficulties in our ability to obtain accurate information about the risks of developing a particular disease. [32] [33] [34] [35] Even in cases of so called monogenetic diseases such as phenylketonuria and cystic fibrosis, it is difficult to predict how the mutant genotype is going to affect the severity of the disease. [36] [37] [38] The use of unrepresentative cases when discussing genetic testing and moral obligations might foster in the general public the idea that genetic information is usually highly predictive of disease. This is especially the case when there is no mention in these discussions that the predictive power of tests for Huntington's and Tay Sachs is atypical. The use of these cases might help support inadequate perceptions about the causal role of genes in human diseases. This inadequate perception might in turn contribute to the development of public policies that promote the use of unnecessary genetic testing and screening, preimplantation diagnoses, or genetic selection of embryos for complex disorders, and the limitation of research efforts aimed at primary prevention. Similarly, the idea that genes are the main contributors to human diseases could encourage a lack of individual self care. Already, some studies indicate that individuals found to be at risk of heart disease through the use of a genetic test may feel the development of the disease is inevitable and there is less that can be done about it than when the risk is based on other clinical tests. 39 40 Some might object that although currently tests for genetic conditions might not be highly predictive of whether someone is going to develop a particular disease, this might Firing up the nature/nurture controversybe due to the fact that we do not have sufficient knowledge. Presumably they suppose that research on multifactorial diseases would allow us to produce accurate tests. This objection is, however, problematic because it presupposes that our genes alone are the cause of phenotypic traits. As mentioned earlier, however, we have no empirical evidence supporting this presupposition. This is not to say that complex and common diseases and disorders have no genetic component whatsoever. It is only to point out that because of the complex interactions between genes with other genes and with their environments, the predictive power provided by genetic tests might be too low to have important medical and social applications. Genetic tests can only give us information about one of the many parts playing a role in the system. So even if they are highly reliable on the information about the genetic component, they still cannot give us much information about developmental interactions or the role of the environment.
Bioethicists using these cases could also object that it is not their fault that people interpret such cases as being representative of the kind of predictability that we can gain from genetic testing. This objection, however, is far from compelling. The debates are centred on the issue of what moral obligations we have to ourselves and to others by virtue of our ability to obtain genetic knowledge. It would then seem odd to make claims about moral obligations by which all human beings are presumably bound, when we are referring only to a very small section of the human community. Thus, reasonable people might be led to assume incorrectly that the reliability of the information for Huntington's and Tay Sachs is representative of the kind of information we can obtain about genetic diseases that affect human beings. Moreover, even if these authors want to argue that actually these moral obligations would affect a very small percentage of the population, they should say so. We cannot forget the social context in which we are discussing these issues. We have abundant historical evidence that shows the eagerness of governments and their citizens to use information about genetics in order to promote oppressive public policies.
SIMPLIFIED CASES
Presenting clinical cases of monogenetic diseases for which we have highly predictive tests as if they were representative cases is not the only way in which bioethicists dealing with genetic testing might be promoting genetic determinism. A different way appears when information about diseases with a genetic component and the predictability of genetic tests for these diseases is presented in simplistic ways.
Two of the diseases often used in this way are Alzheimer's disease and cancer, specifically breast cancer. 13 41 42 As in the cases discussed earlier, bioethicists use these diseases in the context of arguing for particular moral obligations we might have to others and to ourselves. As before, genetic testing is the tool used to obtain information about these genetic conditions. We are thus informed that testing for genetic mutations in breast cancer and Alzheimer's is available and that having such genetic mutations puts people at an increased risk of suffering the disease. In some cases we might be told that in the case of breast cancer, two main mutations have been found in the BRCA1 and BRCA2 genes, which entail a significantly high risk of breast (between 50% to 85%) and ovarian (up to 60%) cancer over a lifetime. Also, we are often informed that, as a dominant disorder, children of people with these mutations have a 50% chance of carrying the mutation. Sometimes we might also be informed that these mutations account only for about 5-10% of all breast cancers. In the case of Alzheimer's disease we might be informed that a mutation in the gene for beta-amyloid precursor protein (BAPP) when combined with apolipoprotein E (APOE) has been implicated as a cause of Alzheimer's disease. People with the BAPP mutation and the e4 allele of APOE develop Alzheimer's much earlier than those with BAPP and other alleles of APOE. People with two copies of the APOE4 have about a 90% chance of eventually developing the disease. In some cases, we are simply told that genetic testing for mutations for breast cancer and for Alzheimer's exist. As before, the predictive power of these genetic tests is quite relevant, if not essential, for the arguments offered.
Presented in this way, we might get the impression that the predictive power of genetic tests for these conditions is quite high, and thus that the genetic information is highly predictive of the development of these diseases: but this impression would be erroneous. Let us begin with the breast cancer case. [44] [45] [46] [47] [48] [49] BRCA1 and BRCA2 have been identified as two of the genes associated with hereditary breast and ovarian cancer. This constitutes only 5-10% of all breast and ovarian cancers. Thus far, more than 200 different specific mutations have been described in the two BRCA genes. Some of these mutations seem to be more prevalent in particular ethnic groups. Moreover, the gene penetrance varies with the particular mutations, and this has an impact on our ability to accurately estimate cancer risks. Also, it is important to point out that the information available at present is entirely derived from very high risk families, and the possible gene penetrance in different contexts is unknown. The reliability of BRCA screening depends on prior probability of the condition, sensitivity and specificity, screening techniques, and number of mutations.
As for Alzheimer's disease, studies have documented the presence of autosomal dominant mutations on chromosomes 1, 14, and 21 in families with Alzheimer's affected individuals, and genetic tests have been developed to test for these mutations. [51] [52] [53] [54] [55] [56] Because, however, these mutations are quite likely not the only mutations influencing Alzheimer's disease, the meaning of a negative test result is of limited predictive use. On the other hand, a positive result must be interpreted in light of the effect of variable gene expression and incomplete penetrance on the disease development and severity. Together, these facts point to limits in the predictability of tests for disease producing mutations. Similarly, although the presence of the APOE e4 allele is associated with a higher risk and decreased age of onset of Alzheimer's disease, the absolute magnitude of the risk is difficult to assess. This is so, because the risks vary as a function of age, gender, ethnicity, exposure to toxins, head trauma, and other susceptibility genes. Thus, even when the test correctly reveals the presence of mutations related to Alzheimer's disease, it does not do a good job of predicting who will get the disease. A substantial proportion of APOE e4 carriers, including those surviving into the 10th decade, do not become demented; while more than one third of persons with Alzheimer's disease do not have the e4 allele. Studies have shown that the rate of false positives and false negatives are quite high. Thus, 71% of individuals with one or two APOE e4 alleles never develop Alzheimer's disease and 44% of people with the disease do not have the APOE e4 allele. 32 These cases seem to be more representative of the difficulties faced when dealing with complex genetic traits and thus of the kind of information that genetic testing might be able to offer. Unfortunately, by presenting the cases in simplistic ways, the authors might help maintain mistaken perceptions about the unavoidability of all diseases and disorders that might have a genetic component. The simplification of these cases might contribute to incorrect public beliefs about genetic determinism.
Someone might object that using these simplified clinical cases when trying to argue for particular moral obligations is justified because the point of the discussion is to encourage reflection on significant moral issues such as rights and duties in relation to genetic information, not to present comprehensive scientific knowledge. Of course, my arguments here are not intended to require that complete scientific information be presented in all discussions on ethical issues related to genetics. Such information might be unnecessary in many situations. Even when arguing for particular ethical claims in relation to genetic information one might not need to present all information available about the difficulties of obtaining reliable data from genetic tests. It does not, however, seem unreasonable to request that highly inaccurate information not be given. In some cases, it might be sufficient to simply advise readers that the cases are being presented in simplified ways and to emphasise the fact that many factors, not just our genetic make up, affect the development and severity of most common human diseases.
CONCLUSION
We live in the era of genetics. Genetic science, genetic technologies, genetically based diseases, animal and human cloning, and the hopeful (or frightening) possibility of designer babies are regular visitors to the news and entertainment culture. Together with the revolution in information technologies, and sometimes going hand in hand with it, the biotech revolution promises to transform our world. In many cases, discussions about genetic technologies and genetic information are presented in ways that suggest the predictive ability of genetic analysis is higher than it actually is. This might support ideologies of genetic determinism. Thus, to the extent that we believe that genetic determinism is not just false but highly problematic, bioethicists need to be careful not to present ethical discussions in ways that might promote it.
Also, the arguments presented here are not intended to defend the position that genetic testing is never useful, that it should not be used, or that the predictive value of current genetic tests for complex diseases will never be improved. I have used the case of genetic testing and the presumed moral obligations it might engender as an illustration of how bioethicists might inadvertently promote the ideology of genetic determinism. Hence, my point here has been that bioethicists should be careful to present these and other similar issues in ways that do not promote problematic ideas about the deterministic role of genes in human development, diseases, and behaviours.
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